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ABSTRACT
Objective To examine the association between social 
isolation and mortality and incident diseases in middle- aged 
adults in urban and rural communities from high- income, 
middle- income and low- income countries.
Design Population- based prospective observational study.
Setting Urban and rural communities in 20 high income, 
middle income and low income.
Participants 119 894 community- dwelling middle- aged 
adults.
Main outcome measures Associations of social isolation 
with mortality, cardiovascular death, non- cardiovascular death 
and incident diseases.
Results Social isolation was more common in middle- 
income and high- income countries compared with low- 
income countries, in urban areas than rural areas, in older 
individuals and among women, those with less education and 
the unemployed. It was more frequent among smokers and 
those with a poorer diet. Social isolation was associated with 
greater risk of mortality (HR of 1.26, 95% CI: 1.17 to 1.36), 
incident stroke (HR: 1.23, 95% CI: 1.07 to 1.40), cardiovascular 
disease (HR: 1.15, 95% CI: 1.05 to 1.25) and pneumonia (HR: 
1.22, 95% CI: 1.09 to 1.37), but not cancer. The associations 
between social isolation and mortality were observed in 
populations in high- income, middle- income and low- income 
countries (HR (95% CI): 1.69 (1.32 to 2.17), 1.27 (1.15 to 1.40) 
and 1.47 (1.25 to 1.73), respectively, interaction p=0.02). 
The HR associated with social isolation was greater in men 
than women and in younger than older individuals. Mediation 
analyses for the association between social isolation and 
mortality showed that unhealthy behaviours and comorbidities 
may account for about one- fifth of the association.
Conclusion Social isolation is associated with increased 
risk of mortality in countries at different economic levels. 
The increasing share of older people in populations in many 
countries argues for targeted strategies to mitigate its adverse 
effects.
INTRODUCTION
Social isolation is characterised as the absence 
of social relationships1 in the forms of social 
Key questions
What is already known?
 ► With ageing populations, urbanisation and fewer ex-
tended families, social isolation is becoming more 
common.
 ► Social isolation is associated with negative health 
consequences.
 ► Prior studies on social isolation are mainly from high- 
income countries, primarily from urban populations.
What are the new findings?
 ► For the first time, we investigate associations be-
tween social isolation and health outcomes in 
middle- aged community- dwelling adults from urban 
and rural sites in high- income, middle- income and 
low- income countries.
 ► The mortality risk of social isolation is consistently ob-
served among diverse populations regardless of resi-
dence area (rural or urban) and country income level.
 ► The mortality risk was partly explained by unhealthy 
behaviours and baseline comorbidities.
 ► Social isolation is associated with increased risk of in-
cident stroke, cardiovascular disease and pneumonia.
What do the new findings imply?
 ► Our study shows that the risk of mortality associated 
with social isolation is observed consistently among 
diverse populations regardless of residence area (ru-
ral or urban) and country income level. Healthcare 
workers and policy- makers should consider social 
isolation as an added risk factor for premature death.
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contacts, social resources and participation in social 
or religious activities.2 3 Ageing populations, urbanisa-
tion and fewer extended families are increasing levels 
of social isolation in many countries. In meta- analyses, 
social isolation was associated with a 29% increase in the 
risk of death4 and a 29% increase in the risk of coronary 
heart disease and 32% increase in the risk of stroke.5 
However, most these studies are from high- income coun-
tries (HICs), primarily from urban populations, and 
with a focus on older people6–9 with few studying the 
general adult population. None examined whether there 
are differences in observed associations in countries at 
different levels of economic development. This last point 
is important because while social networks in poor coun-
tries may be stronger, social services provided by govern-
ments or other organisations may be weaker.10 Further-
more, family and social structures in rural communities 
may differ from that in urban communities. Here, we 
examine the relationship between social isolation and 
health outcomes in middle- aged community- dwelling 
adults from urban and rural sites in several HIC, middle- 
income country (MIC) and low- income country (LIC).
METHODS
The objective of this study was to examine the association 
between social isolation and both mortality and certain 
incident diseases in middle- aged adults in urban and rural 
communities from HIC, MIC and LIC. We hypothesised 
that social isolation is associated with increased risk of 
mortality in populations everywhere but the magnitude 
of associations between social isolation and outcomes 
may vary by the economic development of a country, by 
urban or rural residence, between men and women and 
by age group.
This is a secondary analysis of the Prospective Urban 
Rural Epidemiology (PURE) study, which is a prospec-
tive, population- based cohort study that has recruited 
community- dwelling adults aged 35–70 years old from 
both urban and rural areas.11 Details of the sampling 
methods, response rates, documentation of events and 
their adjudication have been published previously and 
are summarised in the online supplemental appendix 1. 
Countries selected were classified according to the World 
Bank scheme as HIC, MIC and LIC at the beginning 
of the study in 2006. The HIC include Canada, Saudi 
Arabia, Sweden and the United Arab Emirates. The MIC 
include Argentina, Brazil, Chile, China, Colombia, Iran, 
Malaysia, Palestine, Philippines, Poland, South Africa and 
Turkey. The LIC include Bangladesh, India, Pakistan, 
Tanzania and Zimbabwe. Although some of the countries 
have subsequently been reclassified as their economic 
status has changed, for consistency with previous publi-
cations from PURE, we have retained the countries 
within their original economic categories assigned at the 
beginning of the study. Information on lifestyles, health- 
related risk factors, the presence of chronic disease and 
outcomes were collected using standardised methods 
(online supplemental appendix 2). Sampling aimed to 
achieve a broadly representative sample of adults living 
in each community. Although different sites used varying 
methods of approaching households depending on what 
was practical in each setting, all enrol individuals irre-
spective of the presence of pre- existing conditions. At 
least three attempts to contact individuals were made in 
all approaches. If a household was eligible (at least one 
member was between the ages of 35 and 70 years), then 
all consenting and eligible individuals were enrolled. 
Once recruited, all participants were invited to a clinic 
to complete a standardised set of questionnaires and 
measurements. Participants or other family members 
were contacted in person or by telephone at least every 
3 years to document deaths and key non- fatal events. 
Information on medically certified death was accessed 
through administrative registries, where available. Other-
wise, event documentation was obtained from household 
interviews, medical records, death certificates, verbal 
autopsies12 and other sources. Participants from China 
(n=47 927) are not included in this study since local 
ethics committees did not allow some of the key ques-
tions on social isolation.
Patient and public involvement
The study participants and the public were not involved 
in the design and conduct of this study.
Assessment of social isolation
A single measure of social isolation has not yet been 
agreed. Berkman and Syme constructed their social 
network index (The Social Network Index; SNI) to assess 
social relations in 1979.2 Subsequent studies have used 
the SNI or variations of it as measures of social isolation. 
The SNI comprises four domains; information on part-
nership, contact with family members or friends, engage-
ment in religious activities and membership in organisa-
tions or clubs. In this analysis, we measured social isola-
tion using an adaptation of the SNI. The social isolation 
scale was constructed using five items from the PURE 
baseline questionnaire relevant to the SNI:
1. Marital status (scored as 1 for any of the following: 
never married, widowed, separated, or divorced and 
0 otherwise).
2. ‘Can you count on your family members in a difficult 
situation?’ (possible responses include none, little, 
moderate/average and a great deal)—scored as 1 for 
‘none’ or ‘little’ and 0 for ‘moderate’ or ‘a great deal’
3. ‘Can you count on any organization in a difficult situa-
tion?’ (possible responses include none, little, moder-
ate/average and a great deal—scored as 1 for ‘none’ 
or ‘little’ and 0 for ‘moderate’ or ‘a great deal’.
4. ‘Are you a member of any religious group?’ (yes=0, 
no=1).
5. ‘Are you a member of any social group?’ (yes=0, no=1).
The social isolation scale ranges from 0 to 5. Individuals 
who score 0 are defined as having the most social support 
and those who score 5 are defined as having maximum 
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social isolation. In preparatory work, we explored 
using the scale as a continuous or binary predictor and 
confirmed the relationship with mortality was non- linear 
and it was more appropriate to treat social isolation as a 
binary variable. We therefore considered individuals with 
a score of 4 or 5 as being socially isolated.
Outcome
The outcomes of interest for this analyses were all- cause 
mortality, cardiovascular mortality, non- cardiovascular 
mortality and incidence of selected diseases (myocardial 
infarction, stroke, heart failure, cardiovascular disease 
(CVD), cancer, pneumonia, chronic obstructive pulmo-
nary disease (COPD) and injury). CVD included fatal or 
non- fatal myocardial infarction, stroke, heart failure and 
other fatal CVD events.
Statistical analysis
The characteristics of participants in each of the two 
groups (social isolation vs no social isolation) were 
compared using χ2 tests for categorical variables and 
student t- test or the Mann- Whitney U test for contin-
uous variables. Multivariable logistic regression anal-
yses with social isolation as a dependent variable were 
conducted to evaluate factors associated with social 
isolation. We used Cox proportional- hazard regression 
models to evaluate the relationship between social isola-
tion and mortality. To account for the clustered nature 
of the data, we used shared frailty models in which the 
community to which each individual belongs served as 
the clustering variable. In the models, those with a social 
isolation score of 0–3, served as the reference group. The 
adjusted model included following baseline variables: 
age, sex, education attainment (presecondary, secondary 
or postsecondary education), residence area (rural or 
urban), country income (LIC, MIC or HIC), smoking, 
alcohol use, physical inactivity, diet score, hypertension, 
diabetes, coronary artery disease, depression and disabil-
ities. We also performed Cox regression analyses using 
the adjusted model to evaluate the relationship between 
social isolation and incident disease (myocardial infarc-
tion, stroke, heart failure, CVD, cancer, pneumonia, 
COPD and injury). The incidence rates of each outcome 
were expressed in person- years (per thousand). The CIs 
are calculated using the quadratic approximation to the 
Poisson log likelihood for the log- rate parameter. Defini-
tions and values of baseline participant characteristics are 
reported in online supplemental appendix 3. To quan-
tify the contribution of risk factors to mortality, popula-
tion attributable fractions were calculated13 from a Cox 
proportional regression model, in which social isolation, 
education attainment, smoking, alcohol, physical inac-
tivity, diet quality, hypertension, diabetes and depression 
were included. Mediation analyses were performed to 
examine what factors mediate any relationship between 
social isolation and mortality. Factors chosen as the 
candidate potential mediators were behavioural factors 
(current smoking, current alcohol, physical inactivity 
and low diet quality) and comorbidities (hypertension, 
diabetes, abdominal obesity, coronary artery disease, 
stroke, cancer, disabilities and depression). The analytical 
methods are provided in online supplemental appendix 
4. To minimise the potential for reverse causality, we 
performed sensitivity analyses in which participants 
with diseases at baseline or those who developed clin-
ical outcomes within the first 2 years of follow- up were 
excluded. STATA V.15.1 was used for statistical analyses 
and graphs.
RESULTS
Characteristics of participants with and without social 
isolation
A flow chart describing the selection of the study popula-
tion is provided in online supplemental figure 1. A total 
of 119 894 individuals were enrolled between 6 July 2005 
and 2 June 2016, of whom 118 764 with the social isolation 
scale recorded were included in this study. The propor-
tions of participants from LIC, MIC and HIC were 31.9% 
(n=37 863), 52.9% (n=62 855) and 15.2% (n=18 046), 
respectively. The prevalence of social isolation (social 
isolation scale of 4 or 5) was 10.9% (n=12 992). Socially 
isolated participants were older and more likely to be 
women (table 1). They had higher prevalence of baseline 
comorbid conditions including hypertension, diabetes 
mellitus, coronary artery disease, stroke, cancer, COPD, 
as well as depression. Table 2 shows participants’ charac-
teristics associated with social isolation. Older age, being 
female, with a low level of education and unemployed 
were associated with increased odds of being socially 
isolated. Social isolation was more common in urban 
than rural areas; and in MICs and HICs compared with 
LICs. Current smoking, poor diet and disabilities were 
associated with social isolation.
Social isolation by country income
The age- sex adjusted prevalence of social isolation in 
LIC, MIC and HIC were 7.7%, 13.1% and 12.0%, respec-
tively (figure 1A). Table 3 shows the participant charac-
teristics of participants associated with social isolation. 
Women were more likely to be socially isolated, consist-
ently across countries at all income levels. The directions 
of the association between other factors and social isola-
tion were inconsistent across different country income 
levels. For example, low education was associated with 
social isolation in LICs and MICs, while no association 
was observed in HICs. Unemployment was strongly asso-
ciated with social isolation in LICs, while similar associa-
tions were not observed in MICs or HICs. Higher age was 
associated with social isolation in LICs and MICs but not 
in HICs.
Social isolation in urban and rural populations
The age- sex adjusted prevalence of social isolation in 
rural areas was 9.3% compared with 12.4% in urban 
areas (figure 1B). The participant characteristics strat-
ified urban and rural residence associated with social 
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isolation are shown in online supplemental appendix 
5. The patterns of all variables except for employment 
status and current smoking were similar irrespective of 
rural or urban area of residence. Older age, women, low 
education, poor diet, current alcohol use and disabili-
ties were associated with increased odds of being socially 
isolated. Unemployment was associated with social isola-
tion in rural but not urban residence. Current smoking 
was associated with social isolation in urban but not in 
rural residence.
Association between social isolation and mortality
Survival analyses were conducted in 115 816 (97.5%) indi-
viduals whose vital status was available. During the mean 
follow- up of 9.0 years, we observed 9487 (8.2%) deaths 
(2693 cardiovascular and 6794 non- cardiovascular). 
The adjusted HR of mortality for social isolation was 
1.26 (95% CI: 1.17 to 1.36) (figure 2A). The adjusted 
HR for cardiovascular and non- cardiovascular mortality 
were 1.30 (95% CI: 1.13 to 1.50), and 1.25 (95% CI: 
1.14 to 1.37), respectively. The magnitude of mortality 
risks associated with social isolation was greatest in HICs 
(figure 2B). While social isolation was consistently associ-
ated with increased risk of all- cause mortality regardless 
of age, sex, area of residence and country income level, 
the magnitude of the association was greater in younger 
adults and men.
Population attributable fractions were examined to 
quantify the contribution of social isolation to all- cause 
mortality. These are compared with similar data for 
other risk factors. The population attributable fraction of 
social isolation was 2.4%, which is modest compared with 
the other risk factors (figure 3). Regional variations in 
mortality risks associated with social isolation are shown 








Age, year 50.1±9.8 52.2±10.2 <0.0001
Women (%) 59 567 (56.3) 9402 (72.4) <0.0001
Hypertension (%) 22 682 (21.5) 3372 (26.0) <0.0001
Diabetes mellitus (%) 10 066 (9.5) 1357 (10.5) 0.001
Coronary artery disease (%) 3115 (3.0) 443 (3.4) 0.003
Stroke (%) 1396 (1.3) 271 (2.1) <0.0001
Cancer (%) 1646 (1.6) 255 (2.0) 0.001
COPD (%) 845 (0.9) 159 (1.2) 0.001
Depression (%) 15 570 (14.8) 2670 (20.6) <0.0001
COPD, chronic obstructive pulmonary disease.
Table 2 Factors associated with social isolation using 
multivariable logistic regression analyses
Adjusted OR (95% CI)
Age, 10- year increase 1.06 (1.03 to 1.09)
Women (vs men) 2.17 (2.06 to 2.29)
Education attainment level
Presecondary (vs secondary or 
postsecondary)
1.37 (1.29 to 1.45)
Unemployed vs employed 1.16 (1.10 to 1.22)
Residence in
urban (vs rural)
1.64 (1.55 to 1.73)
Country income level (low as reference)
  Middle vs low 2.41 (2.25 to 2.57)
  High vs low 2.03 (1.85 to 2.22)
Current smoking (vs former or never 
smoking)
1.33 (1.25 to 1.41)
Low diet score (lowest tertile of diet 
score) (vs the other two tertiles)
1.12 (1.07 to 1.18)
Current alcohol use (vs former or 
never drinking)
1.04 (0.98 to 1.10)
Physical inactivity (vs WHO 
recommended physical activity)
1.04 (0.97 to 1.11)
Number of comorbidities≥2 (vs one or 
no comorbidities)
1.06 (0.97 to 1.15)
Number of disabilities≥2 (vs one or no 
disabilities)
1.27 (1.20 to 1.35)
ORs were adjusted for age, sex, education attainment, 
employment status, residence area, country income level, 
smoking, alcohol, presence of physical inactivity, diet score, 
presence of comorbidities and presence of disabilities.
Figure 1 Age- sex adjusted prevalence of social isolation 
by country income levels (A) and by residence areas (B). The 
prevalence of social isolation is the lowest in the low- income 
countries (A). The prevalence of social isolation is higher in 
the urban areas (B). HICs, high- income countries; LICs, low- 
income countries; MICs, middle- income countries.
copyright.
 on A
pril 29, 2021 at U











ealth: first published as 10.1136/bm





Naito R, et al. BMJ Global Health 2021;6:e004124. doi:10.1136/bmjgh-2020-004124 5
BMJ Global Health
in figure 2C. Overall, mortality rates were higher among 
the socially isolated and although with some variations 
across regions. The magnitude of the association between 
social isolation and mortality was greatest in South Asia, 
North America/Europe followed by Africa and South 
America. The association was not significant in Middle 
East and Southeast Asia.
Mediation analyses for the association between social 
isolation and mortality showed that unhealthy behaviours 
accounted for 18% of the association, while comorbidi-
ties explained 3% of the association. A model adjusted 
for both behavioural factors and comorbidities showed 
that these variables accounted for 21% of the association.
Association between social isolation and incident disease
During follow- up, a new myocardial infarction occurred 
in 3417 (3.0%), a new stroke in 2129 (1.8%), new onset 
heart failure in 827 (0.7%), a new cancer in 4377 (3.8%), 
pneumonia in 2578 (2.2%), a new diagnosis of COPD 
in 1423 (1.2%) and hospitalisation for injury in 13 608 
(11.7%). Figure 4 shows that after adjustment social isola-
tion was associated with an increased risk of stroke (HR: 
1.23, 95% CI: 1.07 to 1.40) and CVD (HR: 1.15, 95% CI: 
1.05 to 1.25). For non- cardiovascular events, a signifi-
cant association was observed only for pneumonia (HR: 
1.22, 95% CI: 1.09 to 1.37). The associations stratified by 
country income levels are shown in online supplemental 
figure 2.
To further examine the impact of social isolation on 
mortality, case fatality rates within 90 days from the occur-
rence of new illnesses were assessed after a clinical event 
(myocardial infarction, stroke, heart failure, CVD, cancer, 
pneumonia, COPD and injury). Only for stroke was the 
case fatality rates higher in the socially isolated (online 
supplemental figure 3). The higher risk and case fatality 




There are four main findings from our study: (1) social 
isolation is more common among women, older indi-
viduals, those with low levels of education or unem-
ployed, living in urban areas and in richer countries; 
(2) social isolation is independently associated with 
increased risk of mortality after adjusting for conven-
tional risk factors for CVD and this is observed in HIC, 
MIC and LIC. The mortality risk was partly explained 
by unhealthy behaviours and baseline comorbidities; 
(3) social isolation is associated with increased risk 
of incident stroke, CVD and pneumonia and (4) the 
population attributable fraction of social isolation on 
mortality is 2.4%.
Table 3 Variations in the association of factors that are associated with social isolation by income level of countries using 
multivariable logistic regression analyses
Variables










Age, 10- year increase 1.08 (1.02 to 1.15) 1.18 (1.14 to 1.22) 0.92 (0.86 to 0.98) <0.0001
Women (vs men) 1.42 (1.22 to 1.64) 2.65 (2.47 to 2.84) 1.46 (1.30 to 1.64) <0.0001
Education attainment level
Presecondary (vs secondary or postsecondary)
2.64 (2.30 to 3.02) 1.16 (1.08 to 1.24) 1.16 (0.97 to 1.38) <0.0001
Unemployed vs employed 3.52 (3.05 to 4.05) 0.93 (0.87 to 0.99) 0.99 (0.87 to 1.14) <0.0001
Residence area
urban (vs rural)
1.12 (0.99 to 1.26) 1.67 (1.56 to 1.79) 1.72 (1.49 to 1.98) <0.0001
Current smoking (vs former or never smoking) 0.73 (0.62 to 0.87) 1.37 (1.27 to 1.48) 1.91 (1.66 to 2.19) <0.0001
Low diet score (lowest tertile of AHEI) (vs the 
other two tertiles)
0.44 (0.37 to 0.52) 1.35 (1.27 to 1.44) 1.04 (0.92 to 1.17) <0.0001
Current alcohol use (vs former or never drinking) 1.54 (1.27 to 1.87) 1.34 (1.26 to 1.44) 0.48 (0.43 to 0.55) <0.0001
Physical inactivity (vs WHO recommended 
physical activity)
0.78 (0.67 to 0.90) 0.84 (0.77 to 0.92) 1.84 (1.60 to 2.12) <0.0001
Number of comorbidities≥2 (vs one or no 
comorbidities)
0.86 (0.66 to 1.13) 1.03 (0.93 to 1.15) 1.24 (1.03 to 1.49) 0.01
Number of disabilities≥2 (vs one or no 
disabilities)
1.03 (0.90 to 1.19) 1.21 (1.13 to 1.31) 1.26 (1.06 to 1.48) 0.2
ORs were adjusted for age, sex, education attainment, employment status, residence area, smoking, alcohol, presence of physical inactivity, 
diet score, presence of comorbidities and presence of disabilities.
AHEI, alternative healthy eating index.
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Comparison with other studies
Factors associated with higher prevalence of social isolation
Previous studies have shown that older adults are at risk 
of being socially isolated due to limited mobility caused 
by chronic illnesses and disabilities or reduced social ties 
through life events such as retirement or loss of their 
spouses, family members or friends.4 14 15 Our findings 
are consistent with this. Previous studies have reported 
contradictory findings on gender difference in the prev-
alence of social isolation.16–18 In our study, social isola-
tion was more common among women. This may be due 
to our finding that women had lower rates of education 
and lower employment outside the home. In addition, 
lack of social supports might limit interactions with other 
individuals or groups, particularly in LICs and MICs. 
However, the higher rates of social isolation among 
women were observed in countries at all economic levels 
although most prominent in LICs.
Current smoking was more common in socially isolated 
people in our study, consistent with prior reports that 
those who are socially isolated are more likely to engage 
in unhealthy behaviours.16 19 20 In a French cohort,21 
socially isolated men were more likely to be smokers and 
to indulge in heavy episodic drinking. Smokers might 
be forced to move to the periphery of social networks 
under pressure to avoid interactions with non- smokers 
due to concerns about the health risks of secondhand 
smoke.19 22 Socially isolated individuals were less likely to 
Figure 2 The mortality risk of social isolation. Social isolation is associated with increase in the risk of all- cause, 
cardiovascular and non- cardiovascular mortality (A). The mortality risk associated with social isolation is greatest in HICs (B). 
The incidence rates of death were higher among the socially isolated and the mortality risk of social isolation was observed 
across regions with some random variations (C). HICs, high- income countries.
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quit smoking as compared with those with social ties.23 
Poor diet quality was also more common in those who were 
socially isolated. Social connection could increase the 
likelihood of engaging in health- promoting behaviours, 
presumably because people with social connections 
may receive advice or support from other people, while 
social isolation might reduce people’s sense of obligation 
to stay healthy, which results in engaging in unhealthy 
behaviours. On the other hand, social networks could 
be limited by the presence of disabilities and chronic 
diseases as they form barriers to social interactions.24 25
Variations in social isolation in HIC, MIC and LIC
The major differences between HIC, MIC and LIC with 
respect to patterns of social isolation that we observed 
are as follows. (1) Older age was not associated with 
social isolation in HICs but was in LICs and MICs. We 
hypothesise that better social networks and community 
services for older people in HICs may account for this 
pattern. (2) The association between social isolation and 
current smoking was strong in HICs, while no association 
was observed in LICs. It is possible that smoking might 
encourage social isolation in HICs where smoking is less 
socially acceptable and public smoking is more strictly 
restricted. (3) In LICs, low education and unemployment 
were strongly associated with social isolation, suggesting 
that social connectedness is more affected by economic 
opportunities in LICs. (4) Urban residence was strongly 
associated with social isolation particularly in MICs and 
HICs. Urban communities might have weaker social 
connectedness through having fewer opportunities for 
social contacts, especially in highly developed countries.24
Variation in social isolation in urban versus rural settings
We found that social isolation was more common in 
urban areas than in rural areas. This might reflect a lack 
of interest in remaining connected or lack of interper-
sonal relationships in urban areas perhaps shaped by 
different values that focus on personal success.24 Further-
more, women in urban communities were more likely 
to be socially isolated than their counterparts in rural 
settings.
Despite the similarities in factors associated with social 
isolation, the magnitude of certain associations was 
different between rural and urban areas. For example, 
a stronger association was observed in women in urban 
areas, which may related to smaller social networks than 
their rural peers possibly due to greater economic inde-
pendence or barriers of personal relationships with indi-
viduals in their communities which may hinder building 
social relationships. We also found that disability was 
more closely related to social isolation in rural areas as 
compared with urban areas. We speculate that larger 
interpersonal distances in rural settings may have a 
disproportionately large isolating effect on those with 
disabilities.26
Adverse health consequences associated with social isolation
In line with previous research, our study shows that 
social isolation is associated with a 26% increased risk of 
mortality with similar results for cardiovascular and non- 
cardiovascular mortality. The increased mortality risk was 
observed in different age groups, in men and women, 
in those living in rural or urban areas or in countries at 
different income levels. There has been a paucity of data 
regarding underlying mechanisms through which social 
isolation has influence on mortality. A study in the UK of 
people with a mean age of 57 years and mean follow- up 
of 6.5 years found that lifestyle behaviours, socioeco-
nomic factors and mental health could explain 64% of 
the mortality risk associated with social isolation.27 In 
our study, mediation analyses of the association between 
social isolation and mortality attributed 21 of the associa-
tion to unhealthy behaviours and baseline comorbidities.
Previous studies have produced conflicting results on 
the association between social isolation and incident 
Figure 3 The population attributable fraction of mortality 
for risk factors in the overall population. Social isolation is a 
modest but significant contributor to mortality in the whole 
study participants. Education and smoking substantially 
contributed to mortality.
Figure 4 Multivariable Cox regression analyses for the 
association between social isolation and incident diseases. 
Social isolation is significantly associated with increased 
risk of stroke, cardiovascular disease and injury while no 
associations are observed in relation to other incident 
diseases. HRs are adjusted for age, sex, education, 
residence area, country income level, smoking, alcohol, 
hypertension, diabetes, coronary artery disease and stroke. 
COPD, chronic obstructive pulmonary disease.
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CVD.5 16 28 A meta- analysis reported an increased risk of 
coronary heart disease and stroke in individuals reporting 
social isolation,5 but more recent studies did not report 
support this conclusion.28 29 These inconsistent results 
could be explained by differences in study populations 
or definitions of social isolation. Our study found that 
social isolation was associated with increased risk of CVD 
and particularly stroke. The higher case fatality rates 
from stroke, along with their higher incidence of strokes, 
could partly explain the increased risk of cardiovascular 
mortality.
Evidence of an association between social isolation 
and non- CVD is scarce. We only found a significant 
association for pneumonia despite non- cardiovascular 
mortality being higher in people with social isolation. 
The increased risk of non- cardiovascular mortality might 
be explained by self- harm, substance abuse or suicide 
associated with social isolation though detailed infor-
mation on these events were not available in this study. 
Previous studies showed that socially isolated individuals 
are at high risk of cancer, pulmonary disease as well as 
infection.30 31 Fewer social ties were associated with a 
higher risk of developing respiratory disease,32 33 which 
were consistent to our finding. The link between social 
isolation and non- CVD could be explained by older age, 
unhealthy lifestyle behaviours and pre- existing chronic 
illnesses,17 which may make them vulnerable to death. 
Also, social networks might play a role in resisting infec-
tion through regulation of the immune system.34
Strengths and weaknesses of the study
Our study is the first study to examine the associations 
of social isolation with health outcomes in 20 countries 
from five continents, including LIC, MIC and HIC and 
from urban and rural communities. The large size of our 
study and the diversity of the populations has allowed 
examination of the consistency or heterogeneity of asso-
ciations in different settings and in different subgroups 
of the population.
Our study has some potential limitations. First, it is not 
possible to exclude unmeasured confounding factors 
such as feelings of loneliness, history of substance abuse 
and criminal records or victimhood in this observational 
study, although a wide range of potential explanatory 
factors were studied. Second, reverse causality could be 
a concern. We conducted sensitivity analyses to address 
this concern. In those analyses, individuals with disease 
at baseline or those who developed clinical outcomes 
within the first 2 years of follow- up were excluded, which 
did not alter our results. Third, covariates adjusted for 
the analyses were assessed only at baseline, but demo-
graphic data including country income levels and other 
socioeconomic factors could have changed over the study 
period. However, since the association between social 
isolation and clinical outcomes is similar in HIC, MIC 
and LIC, a shift in the categorisation of countries from 
one economic group to another would not be expected 
to materially alter our results. Regarding our mediation 
analyses, potential mediators were not independent of 
each other since some factors (ie, smoking, alcohol) may 
mediate not only mortality but also some comorbidities 
(ie, CVD, cancer). Thus, the estimates for the mediation 
effects may be affected by other factors. Besides that, 
since potential mediators were only assessed at base-
line, causal relationship among social isolation, poten-
tial mediators and outcomes cannot be reliably derived 
using our current study design. In our analyses, only high 
alcohol intake defined as >14 drinks/week for women or 
21 drinks/week for men was associated with increased 
risk of mortality in a multivariable Cox regression anal-
ysis (HR: 1.48, 95% CI: 1.31 to 1.67), pointing to the 
particular importance of socially isolated people taking 
care about excessive alcohol intake. Finally, our social 
isolation scale did not include information on living 
alone, subjective social isolation (ie, loneliness), or social 
network size that may provide a more nuanced reflection 
of social isolation. Future studies should include such 
information as well as new concepts which emerge in this 
field of scholarship.
Implications for clinicians and policy-makers
Our findings support for strategies to address several 
factors (lower socioeconomic status and unhealthy life-
styles) and consequences of social isolation. Healthcare 
workers and policy- makers may wish to consider social 
isolation as an added factor in identifying individuals at 
higher risk who may benefit from specific measures that 
go beyond the usual preventive and treatment strategies, 
to mitigate their higher risk.
CONCLUSIONS
Our study is the first to demonstrate the associations 
between social isolation and health outcomes in middle- 
aged community- dwelling adults from urban and rural 
sites in HIC, MIC and LIC. Social isolation is associated 
with increased risk of death and morbidity among diverse 
populations across the world. It should be considered 
as an added risk factor to that conferred by conven-
tional risk factors. The best ways of addressing this issue, 
whether intensive use of proven therapies and lifestyle 
modification or measures to improve social support 
remain unclear and may be context dependent.
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